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o Army. IS already using alternative fuels ini its nen-tactical fleets

s Fuels usedi in tactical fleets must accommodate military’s
werldwide deployment

» Under the Office of the Secretary of Defense (OSD) Assured
Fuels Initiative, DOD!Is pursuing gualification and Uuse of
unconventional fuels (not made fliem petreleum) in; Its aircraft,
ships and tactical vehicle fleets
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! : Eleet Fuel Use*
/ /;’EK"__ 5 By Type of Vehicle T /e Under EPAct , E.O. 13149,
(57,422 total) 15.6% NV fleets operating in U.S.

must Increase use of non-

Sedans, Vans,
petioleum hased fuels

SUVs

58.9%

-«

* On-going eifferts te add
refueling stations, oy
altermative fiuels

: By Type of Fuel**
|
(51 M gal total)
E-85
o 2%

LPG, CNG,
LNG, Electric

LPG, CNG, 0.01%

** All data in gasoline
gallon equivalents (GGE).

Heavy Trucks
5.7%

Gasoline
49.9%

Diesel

Diesel

Biodiesel 15.9%

(B20)

21.0%

0.4%

_ : LNG, Electric
* Data shown for worldwide profile; 1.6%

ut 93% of fleet is domestic.
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- Tactical vehicle fleets
(Wheeled andl tracked)

o \/arious other equipment
(CE & MHE, Other, Euture)

o Army. aircrait (not shown) —

various helicopters and UAVS

(Unmanned Aerial \VVehicles) : :
Construction & Materials

Handling Equipment

s J
NCE w FUEL CELL
L A RIREI CRANES / DOZERS /

REFORMERS SCRAPERS / GRADERS

FORK LIFTS
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= - * Tlacticall venicle designs

Impose severe limitations on
. JP-5 Lic! Uranium
volume and weight o _gasolin ydrocarhops _ X199
. : % & diese
» Energy density IS >
. -
therefere the primary. 2 3 teapor SN
consideration for fuel > " methanol
NRBL ~vaixoviviwn (@) £ 3
| = Hydrogen presently. e
unsuitable as a g
Ll

tactical moebility fuel

— made using
other fuels
— containment
reduces energy. NRAC Future Fuels Report, 04/2006
- density by 10x - 20
The Naval Research .
Advisory Committee — L/CI_U/OI hydrocarbons.—
NRAC Report on theaeal el for tactical
Future Fuels, 04/2006. 1oLty

ntup/AW. enEnavALmillnracy
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) & 4 Single Battlefield Fuel

Kerosene-type fuels
JP-8/F-34
e MIL-DTL-83133
JP-5/F-44
e MIL-DTL-5624
Jet A-1/F-35
e ASTM D 1655 (U.S.)
e Defence Standard 91-91 (most ROW)

Commercial & Other Military Euel

Cl engines

— ASTM D 975 .
F-76 (mil-spec marine distillate fuel) d99|9"9d tO use
*Commercial Item Description d|ese| fu9|
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dIESEINNBIFAPPIOVEMTORUSENNIECTICalVERICIES

) B /j“’”{ CriticallISSUES  ase dUe: to) factors for Use differnnofirom
‘ HESE ypical o cemmercialier nen-tactical ficetis —
Jlactical venicles/eguipment must e ready ior
Werldwiderdeployment at 2 memeRrs notice

» Fuel stability I1s' poer — suspectibility tor oxidation
— Acids/pelymers formation (filter plugging, high-T deposits)
— No guarantee fuel is stable (ne stability test in B100 spec)
— No guarantee use willfalways be in timely manner (true tactical fleet)
— Degradationiinishort time-frames possible (affects ability: to store equipment)

o [Low temperature properties are unacceptable
— Incl. blends with JP-8 (+20°C freeze point) or diesel fuel (+2-3°C cloud point)

s Other
— Elastomer compatibility:
— \Water affinity.
— Micrebial growith
— Selvency efiect

L
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=(j<] 'Quallty jSomeahlmpacts

NIBSIoN Q‘an‘ﬂards

5L 2007/2010
Emissien; Standands —
Prastic Impact on factical Vehicles Sulfur Content in JP-8 (2005)

[worldwide]
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ulfurppm

Engines with aftertreatment systems
and/or EGR systems would cause
significant vehicle integration and

thermal management ISSUEes.

Data from PQIS 2005, DESC-BP

Tractical vehicles in U.S. fueled
with) JP-8 for depleyment readiness.

Engine systems must ke moediiied

eI meet militan/ requiements: s _
* For emissions and use of high-sulfur fuel.
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OSD Assured Fuels Initiative

Vision: DoD/AT&L intends to catalyze commercial industry to produce clean
fuels for the military from secure domestic resources using environmentally
sensitive processes as a bridge to the future.

Dr. Theodore K. Barna
Assistant Deputy Under Secretary of Defense
Advanced Systems and Concepts

Increasing Reliance on Petroleum Imports

28.3M BPD

9.7M BPD

| A

20 y.S.Consumption ~19-8MBPD

70%

Includes
4M BPD
Finished

Total
53% Imports

10.5M BPD

Million bbl per day
o

10 J Products
U.S. Production - —
5 9.3M BPD 8.6M BPD
|
| +— 2002

0 |
1975 1985 1995 2005 2015 2025

Source: EIA (AEO 2004); Reference Case Scenario
[Courtesy John Winslow-DoE]



Evaluating All US Ener Resources

Coal

Soursas Unsed States Gaologleal Survay, Coafisids of the Unted Stales, 1560-1967, Texas Sureau of Sconomic Gealogy.
Lignkis Resources n Texas, 1580 Loulslana Gealogical Survey, Mear Surface Lignite n Lowlslana, 1581, Colorade Geological
Surey, Coal Resawces and Develapment Map, 1587, and Mississlpgl Bureau of Geology, 1383

Domestic Resources
+ 1.4 Trillion barrels (shale)
+ 900 Billion barrels of FT (coal)
+ 0.15 Billion barrels (pet coke)
+ 22.7 Billion barrels oil reserves
+ 32+ Billion barrels of oil (EOR)
+ 100 Million pounds of pulp wastel/year

Total 2.3+ Trillion barrels equivalent

¥ Oil Shale
e

Source: US BoM and Dol, ca 1970's
R Welch 06042004

nha_r_lced Oil Recovery (EOR)

€O, to Canada—>|  Greatpi
5 Fields — Additional 2 Proposed
{Anadarko)
19,520 Gross Bbls/d
Operators: Exxon/Chevron/Merit
CO; Source: Industrial

oast

8,000 Gross Bbis/d
Operator: Denbury

'CO, Source: Natural

NL‘M - f'\
Ny | z //\1& I%
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Key Goals

« Total Energy Development (TED) Program
— Catalyze the industry to produce fuels for the military from domestic
energy sources.
— Develop a roadmap to provide fuel for the Joint Battlespace Use Fuel of
the Future Program and implementation

 Joint Battlespace Use Fuel of the Future (JBUFF) Program

— Develop fuel specifications that allow for use of fuels made from
unconventional (non-petroleum) resources in tactical ground vehicles,
aircraft, ships, and other military equipment

— Qualify use of fuels in all tactical vehicles, aircraft and ships
— Provide a transition plan for DoD-wide use of unconventional fuels

11



Fischer-Tropsch Technology

Natural Gas
Coal
Pet Coke
Biomass ;
Wastes CO_ o Tall
A y 4
: H Gas
Synthesis Gas __2 FT __, Product _ """ " Power
~-» Production Liquicy Recovery Generation
| R Synthesis
: ; A
: O; Hydrogen
| [ Liquid Wax T BRecover
- L, Oxygen _.i y
Air I An Fuels | H, |
pall Option ‘
AR
Hydrogen Wax:
Separation Hydrocracking
i Liquid _cmmy
Fuels , Transportation

Hydrogen - Fuels



SINGLE BATTLESPACE FUEL
From Unconventional Resources

Current and advanced gas
S B F- 1 low emissions, high stability
—

turbine aircraft
(Jet A/JP-8 replacement)

2.2X — 9X increase in cooling

AN
(@]
o
28
= 5
e
B!
QD
g
é': - _. 2 R :

“ Ground Vehicles

(JP-8 replacement)

ISP=362.5 Hydrocarbon reformers >

(fuel cell power generation)

Hydrocarbon Rockets
(RP-1 replacement)

Ging

. Hypersonic Vhicles
: (JP-7 replacement)
Ships 13

(JP-5/F-76 replacement)



EPAct 2005

» Declares oil shale, tar sands, and other domestic and unconventional
resources strategically important and that they should be developed
to reduce the growing dependence of U.S. on politically and
economically unstable sources of foreign oil imports

Vendurs X

Busion Copesmiin.

* Requires DOD develop strategy to use fuels
produced from these resources

» Provides DOD authority to procure such fuels
— Multiple and multi-year contracts allowed

* Requires creation of Federal Task Force

— By Secretary of Energy, in conjunction with
Secretary of Interior, Secretary of Defense

— To recommend a program to accelerate
commercial development of clean fuels made
from these domestic resources

— Members of task force to include Governors of
affected States and Representatives of local
governments in affected areas

91 -- Request for Information - Synthetic Fuel
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http:llwww.fbo.qov

/ Juorjorr Center
for Jmurmgl[un rr I
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Straw-man Overall JBUFF Coal FT Fuel Program to Produce SBF-1

2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

FT Fuel 'Analysis

A OSD Ass:essment

A A

. FT Fuel Formulation
Military . . . : AT
Utility Modeling and Slmulatlon—FueI/Testllng Optlmlzathn
Asséssments Tactical Vehicle Fuel Injection System Eval i i

Tactical Vehicle Engine Eval A Optimiz(lad Fuel Spec

Navy A/C and Ship Components

Navy Aircraft Demo
Navy Ship Demo Navy Ship Pacer

Air Force A/C Components
Fuel toxicology testing

Air Force Aircraft

Prograim Elements
Evaluation Phase
JBUFF ACTD

AF Fighter Pacer
AF Cargo A/C Pacer

Advanced Systems Demo AF Bomber Pacer
A A AN
FT Eval i FT Eval i FT Eval
Fuel Cell Hyllbrid Tact Veh: Rocket

' Scramjet  Adv Turbine
600,000 gal FT | 12MgalFT | 12.3Mgal FT

Initial Implementation

100,000 gal FT | 600,000 gal FT

§ 15

1000 gal FT 10,000 gal FT 4600 gal FT 51M gal 100M gal



== Near-term use of Flg_gher TTopsch (FT) Fuel

) = 2 SAE Paper No. 2006-01-1702, April 2006

‘ “Propertles of Fischer-Tropsch (FT) Blends for Use in Military Equipment”
Muzzell, P.; Stavinoha, L.; Freerks, R.; McKay, B.; Terry, A.; Sattler, E.

= Cumulative Quantity of JP-8 in Continental U.S. vs. Aromatic Content Level
Additional S-8 Conc. Possible in S-8/JP-8 Blend to Meet Just 8.0 vol. % Aromatic Content

) U Se Of Synth eti Cal Iy_ d e rive d (FT) B Max. S-8 Conc. Possible in S-8/JP-8 Blend to Meet 8.0 vol. % Aromatic Content & 0.775 kg/L Density

---@-- JP-8 Wt. Mean Density at JP-8 Aromatic Content Level

—=e— Density of S-8/JP-8 Blend with a 8.0 vol. % Aromatic Content

hydrocarbons in blends with JP-8'Is L . Doty L 0 e
reasonable strategy to begin
evolution tewards reducing

petreleum content of militany’s . V
primary bulk fuel .

s 2 8 spec) N (13 a g
= In near-term, I:T fuel SUpply ° 2 3 45 6 7 8 9101112131415 1678901222324 25 o
availability: realistically: only: supports 3F-8 ot Contant Lavels. Vol %

wide-use Implementation of blends

Significant amounts of FT kerosene
can be used in blends with JP-8 in
continental U.S. to produce fuel
meeting established criteria for use of
semi-synthetic jet fuel in aircraft.
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THE WORLD'S ULTIMATE WEAPON RUNS ON WATER...
EVERYTHING ELSE RUNS ON FUEL




